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ABSTRACT

Sequential carbonyl addition −conjugate addition to oxonitriles generates a C-magnesiated nitrile exhibiting electrophile-dependent alkylation
stereoselectivities. Alkylations with alkyl halides, sulfonates, and ketones proceed with retention of stereochemistry, whereas aldehyde and
acyl cyanide acylations proceed with inversion of stereochemistry. BuLi-initiated conversion of the C-magnesiated nitrile to the corresponding
N-lithiated nitrile reverses the alkylation stereoselectivity, providing a facile route to diastereomeric nitriles that vary at a single, quaternary
stereocenter.

Chiral organometallics are extremely versatile reagents for
asymmetric synthesis.1 Historically, chiral organometallics
emerged through chiral auxiliary attachment,2 whereas
complementary alkylations of chiral, sp3-hydridized organo-
metallics languished untilR-heteroatom substitution was
found to dramatically enhance configurational stability.3

These classic studies facilitated the emergence of sparteine-
mediated deprotonations4 and access to chiralR-alkoxy- and
R-aminoorganolithiums for chiral bond constructions.5

Several highly unusual trends have emerged from the
broad use of chiral organolithiums.6 Particularly surprising
is the electrophile-dependent stereoselectivity observed with
tertiary, benzylic, and allylic organolithiums. In contrast to
the stereochemical retention observed in most chiral orga-

nolithium alkylations,6 stereochemical reversals are known
upon changing from carbonyl electrophiles to alkyl halides,7

from alkyl halides to tosylates8 or phosphates,9 and even for
alkylations in which an alkyl chloride is replaced by an alkyl
bromide!10

Electrophile-dependent alkylations of chiral organometal-
lics bearing adjacent electron-withdrawing groups are ex-
tremely rare.8b,11The scarcity stems from the configurational
instability induced by delocalization. Pioneering alkylations
of chiral sulfoxide-stabilized organolithiums11 identified a
subtle stereoselectivity dependence on the electrophile,11 the
solvent,12 the presence of cryptands,12 and even the alkyl-
lithium source!13 Not surprisingly, a complete understanding
languished until more than 20 years after the original
discovery.14
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C-Magnesiated nitriles, generated by sequential 1,2-1,4-
addition-conjugate addition of Grignard reagents to oxo-
nitriles (Scheme 1),15 exhibit a unique electrophile-dependent

stereoselectivity not previously observed with N-metalated
nitriles obtained by metal amide deprotonation.16 Formation
of C-magnesiated nitrile5 is favored by internal chelation
(Scheme 1,4 f 5), conferring a highly unusual preference
for axial methylation that directly contrasts with the equato-
rial alkylations of conformationally locked N-metalated
nitriles.17 Surveying an array of alkylations with the C-
magnesiated nitrile518 reveals an unprecedented electrophile-
dependent stereoselectivity19 and leads to a complementary
stereodivergent alkylation of the corresponding N-metalated
nitrile.

C-Magnesiated nitrile5 is conveniently generated by the
addition of excess MeMgCl to oxonitrile1 (Scheme 1).
Intercepting5 with Me2SO4 affords the axially methylated
nitrile 6a analogous to the alkylation with MeI (Table 1,
entries 1 and 2).20 The preference for axial alkylation is
maintained even with the more sterically demanding elec-
trophilesn-PrI and cyclohexanone (Table 1, entries 3 and

4), although alkylation of5 with allyl bromide, having
essentially the same steric demand asn-PrI, is nonselective
(2:1 ratio, Table 1, entry 5).21 The retentive alkylations with
alkyl halide, sulfonate, and ketone electrophiles are starkly
contrasted by the equatorial acylations of cyclopropane-
carboxaldehyde, methyl cyanoformate, and benzoyl cyanide
(Table 1, entries 6-8),22 with the latter two equatorial
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Table 1. Electrophile-Dependent Alkylations of C-Magnesiated
Nitrile 5a

a Unequivocal stereochemical assignment is based on X-ray analysis in
each case.19 b Obtained as a 2:1 ratio of isomers.c Single unassigned
stereoisomer at the carbinol stereocenter.

Scheme 1. Multicomponent Addition-Alkylation of
Oxonitrile 1
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acylations installing four new bonds and three stereocenters
in one synthetic operation.

The electrophile-dependent alkylations of5 are consistent
with the excellent stereoelectronic rationale23 advanced for
SE224 alkylations of chiral organolithiums. Alkyl halides and
sulfonates, as well as large ketones, alkylate with retention
of configuration through a side-on overlap ofσ* or of π*
for cyclohexanone, with the large lobe of the metal carbon
σ-bond (Figure 1,5a′) since the collinear trajectory (5a′′) is

sterically prohibited. Small magnesium dihalide-complexed
carbonyl electrophiles with large, diffuse, low-lying LUMOs
preferentially react with the small lobe of the carbon-metal
σ-bond (Figure 1,5a′′′).

The stereoelectronically controlled alkylation of the C-
magnesiated nitrile5 stimulated a stereodivergent alkylation
that highlights the stark reactivity differences of the corre-
sponding N-metalated nitrile. Addition of excess BuLi to5
(Scheme 2) triggers conversion to the putative N-metalated
nitrile 8, which upon methylation with MeI, predominantly
affords the diastereomeric nitrile6i. The stereoselectivity is
consistent with initial conversion of5 to the bicyclic ate7
and, with excess BuLi, conversion to the magnesium ate8,25

where equatorial alkylation occurs from the more accessible
face.26 An analogous stereochemical reversal occurs during
the allylation leading to6de, although the more reactive allyl
bromide is less selective for equatorial alkylation than MeI

(Scheme 2). Collectively, the 1,2-1,4-Grignard additions,
with and without BuLi, provide facile access to diastereo-
meric nitriles that vary at a single quaternary center.

C-Magnesiated nitriles exhibit electrophile-dependent ste-
reoselective alkylations not previously observed with N-
metalated nitriles. Alkylation with alkyl halide, sulfonate,
and ketone electrophiles proceed with retention of stereo-
chemistry, whereas aldehyde and acyl halide acylations
proceed with inversion of stereochemistry, consistent with
the stereoelectronic model proposed for reactions of chiral
organometallics. Conversion of the C-metalated nitrile to the
corresponding N-metalated nitrile permits stereodivergent
alkylations, providing, for the first time, diastereomeric,
quaternary nitriles from a single precursor. Collectively, the
electrophile-dependent alkylations demonstrate the potential
for stereoselective alkylations of C-metalated nitriles and
their complementary reactivity with the typical N-metalated
nitrile counterparts.
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Figure 1. Stereoelectronically controlled alkylations.

Scheme 2. Stereodivergent Alkylations of N-Metalated
Nitriles
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